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PROSF’ECTSFOR PION AND KAONFACTORIES

Darragh E. Nagle
Loa Alemom National Laboratory

Lom Alamos, New ‘-

“PION FACTORY”ia comaonly understood to mean an
accelerator which produces a proton beam of at leaat
100 lJA .evera.ge current, at an ●nergy above 400 MeV.
Three facilities, namely LAMPF, SIN, and TRIUNF are in
operation, and a fourth ie being constructed near
Moecov. Theee beam inteneitiea are eeveral orders of
magnitude more than for the eymchrocyclotrone which
they replaced. The aacondary beamz of piona produced
are certainly of primary intereet, but also important
have baen the becme of protone and neutrons, muons, and
fluxee of neutrinos available,

A number of apeciali~ad beam$ have grown up around
these facilities. They include chopped proton and neu-
tron beams, murface ❑uon beamn, polarized proton and
neutron beame, ●tc. The LAFiPFbeam atop ia a source of
●lectron neutrinoe with a flux of %5 x 107ve/e-cm2 at a

dietance of B meters ●nd ● primary proton current of
1 d. (Actual proton beamn at the dump ●re presently
about 400 uA,) High resolution epectrometcrs for p-
nucleua rnactiona, for W-eingle and double charge ●x-
change reactiona, for pionlc and muonic atomic are in
uee. Large detectore for rare decay aearchea, for
neutrino atudiee, ●tc., have been built and operated.

That the discipline of ❑edium-energy science ie
thriving as ● result of all these activities ie docu-
mented by the many recent conferences on kigh-enarRv
phyaica and nuclear utructure, specialized conference,
●nd ❑onographs,

LAMPF Improvement

The major addition planned for the near-term at
LAMPFio n proton etorage ring for BOO-NeV protono,
which will bc used in ●ither a long bunch mode to pro-
duce ch?rmal neutrons, or in a short bunch ❑ode to pro-
duce intnnae short buratn of neutrons for nuclear
phvsics.i This will bc c powerful ●xtension of the
capabilities of the ●xietin~ nautron time-of-fliRht
a~ma, The p-:mtial utea of the neutrino fluxenifrom
tha atoraRe ,ing fncility ●re of great Interant.

TRIU?W Improvements

DemiRn ●nd dwelopment ●ctiviti~e are Boina on
aiming at ●wntual raplacament of the central reaona-
tore for the cyclotron. Tlw Real ie to improve th~
mechanical stability of the reaonatorm ●nd the ●bility
to handle them remotely. Thia will facilitate hiRher
tntenaity operation of the ❑achine.

Recently ● new faint pion channal, the ●o-call~d
MM channel, waa inntalled. It is a two deRree, hiRh
resolution pion source. An rf neparator has been put
on the H9 channml for um~ with tho cloud muon beam, A
beam line for 70- to 100-NeV protonn 1s bcinR demiRned
for l:~otopo production,

SIN Improvements

The ●oat notable chanR@ ●t SIN will be th~ comia-
aionins of tha new injector cyclotron which ia nw baina
twadied. This will allow the old injmctor to run in ●

dadicatad mode for low-en@rRy nuclear physicm, ondalltw
tha now one to b. ● dedicated injector. The nmv injnc-
tor hold- promise of graatly i~rrcau~d rurrenta, pcr-
hapo ●-much ●a aevaral milliampere- ●t 550 HPV. In
ordar to ●xplolt much rurrcntn, nmw necondarv b~am

nexlco 0/>4>

lines, new targets, and new beam dumpe would be re-
quired. Uae of a dump aa a epallation source of neu-
trone, especially cold neutrme, is beinR caneidered.
The new pion channel for biomedical studiee ie juet
coming into oparation.

Neon Factoriee

Thie term, rathar a mienomer, ie used for proton
mechinea in the energy region 8 to 30 GeV, which are to
offar ordere of magnitude improvement in averafie current
over exieting facilities in this energy interval.

At Loe Alamoe, a faat cycling aynchrotron in ected
iwith H_ from LAMPFhae been diacuaaed repeatedly. The

Fermilab~booater aynchrotron hae been propoeed aa a keen
factory. Table I liate come a nchrotron parameter
given in a recent talk by Teng. t The deeign ie not very
different from tha booster at Fermilab, the principal
differences being a doubling of the repetition rate
from 15 to 30 Hz, changea in the injection and final
energies, and concomitant changee in ring diameter and
rf power requirementa. The higher injection energy of
I.AMPF (800 va. 200 at Fermilab) reeulte in ● reduced rf
frequency awing (18% va, 174%) and an improvement in
the canonical injection opace cl,arge limit by e factor
of s,

Inje:tion Energy

Final Eneruy

Average Current

Repetition Rate

Hagnet Bending Radiua

Nagnet Power

Hean Radiue of Ring

Lattic@

Tune (v)

Protone/Pulee

Space Charge Limit

Injaction Frequency

Finml Froqumtrv

I?nergy Cain/Turn

Peak rf VoltaRe/Turn

Cavity rf Lose

Injector No. Turna

Stretcher

TABLE I

0.8 CeV

16.0 CeV

100.0 UA

30.0 H;
81s5 h,

2.5HtJ

122 m

24 calla DFOOFO

S-114
2X1O’I

3.4 x 10”
50.0 Mz

59.6 N.HZ

3.7 t4eV (mntc)

4.31fV

%2 MU

90 T (360 T) for 12-mA peak

To incrcas? th~ dutv factor af tho nvnchrotrmu,
thr baam may bo transferred to a de rinR hnving th~ ●anw
rircumforence and inntall~d in th~ ●ynchrotron tunn~l.
This rinR could very well umc ●up@rronductinR maRnetn,
H- baam injection into th~ ●ynrhrntr~n wnuld r~quir~ a
new, hiRh-rurrent, hiRh-h?lBhtneaa H nourm. Swch a
■ourco la now being davolopod fnr tho proton ntrmaRe
rinR hv R, Etevmn ●t Loe Alamnn, bancd nn the wnrk of
Ehlcrn and LmmR’ ●t LBL. Another rcquir-mcnt for both
the ntoraR@ rinR nnd for a nvnclirotron in tn arralerat~
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simultaneously with minimal losses beams of @ arx F
in the linac. Up to now the procedure has been to tt’ne
for beat transmission of the 1# beam and to accept some
losses In the H_ beam. Obviously, beam loss in the
synchrotronsis also a much more serious problem for 3
kaon factory than for s booster.

At Vancouver, some of the TRIUMF staff ha~”ebeen
stl]dying accelerators which, using the present cyclotron
as an injector, would produce bqsms of 8 to 20 GeV.”
The CANUCK scheme envisages a 3-GeV ring cyclotron and
an 8.5-GeV ring cyclotron in series, probably employing
superconductj.ngmagnets. The current would be 400 PA.
Another scheme would use a fast cycl.lngsynchrotrons
with a final energy of 20 GeV. Still ancther possibi-
lity being studied is a rapid cycling 3-GeV booeter
injncting into a slow cycling synchrotronswith final
energy 20 GeV, The final currents suggested are 2~pA,
certainly an irnpreasivenumber! R. Wila:n independently
suggested a superconductingaynchrotron,

All of these designs will have to deal with ques-
tims of b~am loss and oeam diagnostics and cont~.olvery
carefully it,deed,

Fur al’~of these Jtudies, there are also outstand-
ing questio,laabout the facility which react bac~ on the
design of *he accelerator. Some of these questions are:

1)

2)

3)

4)

5)

6)

Wha. should be the final energy? h%eth~r to pursue
antip~oton physics, the matter of facility rmt,
the energy dependence of the production crcJs
sections for kaons, antiprotons, etc., ent<r into
this decision. More experiments on pr~dut ion
cross sections would be very useful. If there are
to be ~ beams, how many and what kind?

Hcw may kinds or k betimsand what kind should
there be?

Should polarized proton beams be provided?

Are targeting avstems to be aerial-parallel as at
LAMFF, or parallel as at most large proton synchro-
trons?

How csn one make much brighter and higher purity
secondary and tertiary (e.g., Ko beams?)

What high resultltionfacilities for nuclear physicn
should be providtfl?

conclusion.—

In general, th~ pion factories have lived Lp to the
●xpectations for them with rempect to their performance
as ●ccelerator and tt,, tr output of Interesting resultn
on the physics of partirles and of the m~,cleua. ‘interwst
in “kaon factories,” neen ee ●n extensi,Jn of the pion
factoriee, is presently very high, both ●s to accelera-
tor design and MS <O facility and experimental program
planning,’”

In 1975, R. R. Wilson called my attention to the
Fermilab booster’e capabilities. On the subject of
faat-cycling synchrotrons, conversations with Lee Teng,
R. R. Wilson, C. Owen, B. Brown, C. Hovjat, C, Schmidt,
and Q. Kesms have been extremely helpful. Converaa-
tjons with M. Craddock about the TRIUMFprogram have
been very useful.
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